Introduction
Intraductal papillary mucinous neoplasm (IPMN) may have distinct pancreatic ductal adenocarcinoma (PDAC) in the same pancreas and the incidence of this has been reported to range from 2.0 to 9.9% (7, 9, 11, 13, 16, 20-22, 24, 25) ; therefore, IPMN is expected to become a good predictor for the early detection of PDAC. However, most PDAC occurring concomitant with IPMNs have been still diagnosed as advanced stage cancer (7, 9, 11, 13, 16, 20-22, 24, 25) . Thus, it is urgent to establish an effective screening system to detect early stage PDAC during the management of IPMNs. In this contribution, we describe the clinical characteristics of PDAC concomitant with IPMN along with the diagnostic tools and molecular aspects which predict the potential development of distinct PDAC, and then describe our recent approach to the early diagnosis of PDAC concomitant with IPMN.
Clinical characteristics of PDAC concomitant with IPMN
PDAC concomitant with IPMN is usually defined as occurring when the lesion is separated from the IPMN by an uninvolved segment of pancreatic duct, and there is no transition area from adenoma to carcinoma in the distinct PDAC (5, 8) . However, it is often difficult to distinguish PDAC concomitant with IPMN from invasive carcinoma derived IPMN (25) .
IPMNs are morphologically classified into two types, main duct IPMN (MD-IPMN) and branched duct IPMN (BD-IPMN), and concomitant PDACs are frequently found at the initial assessment of BD-IPMN or during surveillance of BD-IPMN with or without resection (19) . Interestingly, most cases of BD-IPMN having concomitant PDAC are benign (5) . On the other hand, we have recently reported 3 cases of MD-IPMN having concomitant PDAC (18) , and therefore, both BD-and MDIPMNs are the risk factors for the development of concomitant PDAC. We previously reviewed the clinical data of 236 patients with IPMNs including 22 synchronous or metachronous distinct PDACs and found that worsening diabetes mellitus and abnormal serum CA19-9 level were the independent predictors for the presence of PDAC concomitant with IPMN (7). However, the problem is that the most patients having such predictors are diagnosed as having advanced stage distinct PDAC.
Diagnosis of PDAC concomitant with IPMN
Standard diagnostic modalities during initial assessment of IPMNs include enhanced computed tomography (CT), magnetic resonance imaging / cholangiopancreatography (MRI / MRCP), and endoscopic ultrasonography (EUS), as described in the international consensus guidelines 2012 for the management of IPMN (19) . On the other hand, a standard surveillance protocol after resection of IPMN or for IPMN observed without resection remains undetermined. We have been using alternate CT and MRCP at a 6-month intervals for the surveillance after resection of non-malignant IPMN or of benign-looking IPMN observed without resection; however, we sometimes experienced a patient found to have an unresectable concomitant PDAC with distant metastasis (13, 17) , indicating the requirement for more sensitive diagnostic tools or shorter intervals of the examination for the early diagnosis of concomitant PDAC.
Kamata et al. (9) have recently conducted a prospective surveillance study of 102 benignlooking IPMNs and reported metachronous development of 7 concomitant PDACs (7%). In this report, they showed the utility of EUS for the early detection of concomitant PDACs which were not diagnosed by CT and MRI / MRCP. We also found 23 synchronous or metachronus PDACs occurring in 20 patients in a series of 179 patients who underwent resection of IPMNs (14) . Seven of the 23 PDACs (30%) were of early stages, i.e., stage 0 to I according to Japanese General Rules for Pancreatic Cancer (Table 1 ) (8) . Sensitivities of CT, MRI / MRCP, and EUS to detect the stage 0 to I concomitant PDACs were 16%, 29%, and 29%, respectively, while sensitivity of endoscopic retrograde pancreatography (ERP) / pancreatic juice cytology was 86% (14) . Of note, 3 earlystage PDACs were diagnosed only by ERP / cytology (Figure 1, 2) , indicating that ERP has an important role in the early diagnosis of distinct PDACs in patients with IPMNs (14) .
We also reported the usefulness of intraoperative irrigation cytology of the remnant pancreas during partial pancreatectomy for IPMN to detect unexpected concomitant PDAC which could be overlooked by preoperative CT, MRI, or EUS (12) . The method of intraoperative irrigation cytology is that, after division of the pancreas, a 4-French Polyvinyl chloride tube is inserted into the main pancreatic duct of the remnant pancreas from the cut edge, and fluid is obtained by saline irrigation through the tube (12, 15) (Figure 3) . Even when the first and/or second cytology are positive, the saline irrigation is repeated 3 times. If the third cytology still shows a positive result, then the patient undergo additional resection of a 2-cm segment of the remnant pancreas. If the patient has positive cytology results in the first and second irrigation while a negative result in the third cytology, additional resection will not be performed and the positive results in first and second irrigation are considered as contamination of cancer cells derived from the primary lesion(s) in the resected pancreas. Among 48 patients who underwent intraoperative irrigation cytology, 5 patients had a positive result in third intraoperative irrigation cytology, and all of these patients had concomitant PDACs in the additionally resected specimens, including 4 stage 0 and one stage III PDACs (8, 12) (Table 1) .
On the other hand, there was one patient who had development of PDAC in the remnant pancreas 24 months after operation despite the negative intraoperative irrigation cytology result, indicating the possibility of false negative result of this procedure. Thus, although useful, this procedure may not be completely safe to rely on when there is a negative intraoperative cytology result (10). (Figure 4 ).
Molecular aspects to predict the development of distinct PDAC

Challenge to the early diagnosis of PDAC concomitant with IPMN
A surveillance protocol of IPMNs for early detection of concomitant PDACs has not been established yet. As described above, alternate CT and MRI / MRCP at a 6-month interval seems to be insufficient to detect early stage PDAC concomitant with IPMNs (13) .
The Japan Pancreatic Society is conducting a nationwide prospective surveillance study for BD-IPMN to investigate the real prevalence of the development of concomitant PDAC in patients with BD-IPMN, and to clarify the efficacy of the surveillance protocol using alternate CT and MRI / EUS at a 6-month interval [UMIN000007349]. Although ERP/pancreatic juice cytology seems to have an important role to detect early stage PDAC concomitant with IPMNs, as described above (14) , it also has a risk of post-ERP pancreatitis, and thus the international consensus guidelines 2012 (19) do not recommend ERP as a routine diagnostic modality during the assessment of IPMNs. ERP should be applicable only for highrisk patients with IPMN who may have the development of concomitant PDACs.
Other investigators (1) have also made an effort for the early diagnosis of pancreatic cancer by intense surveillance of 216 high risk individuals who had family history of pancreatic cancer (90%, 6.4-to 32 -fold increased risk), family history of ovarian-breast cancer (9%, 3.5-to 5.9-fold increased risk) and Peutz-Jeghers syndrome (132-fold increased risk), and the most frequent prevalent pancreatic lesions during surveillance was small cyst (39%), most of which seemed to be BD-IPMNs. The detection rates of pancreatic abnormalities in these individuals in CT, MRI, and EUS were 11%, 33%, and 43%, respectively. Because of such suboptimal detection rate and radiation exposure in CT, these experts (2) recommended use of MRI / MRCP and EUS at 12 month intervals for baseline screening of high-risk individuals. If there is some abnormalities in the pancreas, then additional examinations such as CT, ERCP, EUS-guided fine needle aspiration cytology should be performed. However, the effect of this surveillance system on the early detection of PDAC remains unclear.
Because 60 to 70% of IPMNs including both invasive carcinoma and non-invasive lesions (low, intermediate to high grade dysplasia) are reported to have GNAS mutation (3, 4, 23) , the remaining 30 to 40% of IPMNs without GNAS mutation are considered to be candidates to have the development of concomitant PDACs (5) (Figure  4) . If this high-risk group can be detected by a non-invasive examination, then we would intensively survey these high-risk patients, for examples, by ERP / pancreatic juice cytology, to detect early-stage concomitant PDAC. One of the ways is to assess the mutational status of GNAS in the duodenal fluid. Kanda et al. (10) assessed the GNAS mutational status of the duodenal fluid in 78 patients having radiologically diagnosed IPMNs, and found that 50 patients (64%) were judged as having GNAS mutation in the duodenal fluid, although the status of GNAS mutation in IPMNs themselves were not assessed. . Our approach to detect high risk patients for the development of concomitant pancreatic ductal adenocarcinoma using molecular marker in the duodenal fluid. A. Duodenal fluid is collected using the duodenoscope. B. Endoscopic finding of the duodenum near the duodenal papilla. Yellow-colored duodenal fluid is observed (arrow). C. Duodenal fluid is collected by a syringe through the catheter. D. Presence of GNAS mutation at codon 201 in the duodenal fluid is detected by cast PCR. Our preliminary assessment of GNAS mutation status in the duodenal fluid and matched resected specimen of intraductal papillary mucinous neoplasms (IPMNs) showed that GNAS status were the same between these two samples in 21 of 23 patients (91%) (6) . Therefore, the patients with IPMN who have GNAS wild type in the duodenal fluid may be at risk for the development of the distinct pancreatic ductal adenocarcinoma.
We preliminary evaluated the GNAS mutational status in the duodenal fluid and matched resected specimen of IPMNs, and found that GNAS status were the same between the duodenal fluid and resected specimen in 21 of 23 patients (91%) (6) ( Figure 5 ). Of note, 3 of 4 patients having PDAC concomitant with IPMN showed wild type GNAS in duodenal fluid, and resected IPMN and PDAC (10) . Collection of the duodenal fluid seems to be safe and non-invasive, and, therefore, the assessment of GNAS mutational status in the duodenal fluid will be useful to select the high-risk patients, and intensive surveillance for these highrisk patients may lead to more efficient early detection of PDAC, thereby improving the outcomes of the PDACs.
Summary
Patients having IPMNs have been recently recognized as at high-risk to develop concomitant PDAC, while most concomitant PDACs still have been diagnosed as advanced cancers. Therefore, establishment of screening methods to detect real high-risk group for the development of concomitant PDAC in IPMN patients and of surveillance protocol for the early detection of concomitant PDAC are urgently needed. In this chapter, we introduced our approach to the early diagnosis of concomitant PDAC focusing on the usefulness of pancreatic juice cytology under ERP as well as intraoperative irrigation cytology in the remnant pancreas during partial pancreatectomy and the determination of the real high-risk patients with IPMN by assessing GNAS mutation status.
